Abstract. In reinforced concrete, when slits take places, the problem arises to control the growth of it. If the critical limit is exceeded due to further load increases, the final strength relies on the integrity of the tight rods. The ability of finding possible defects in these rods and in controlling the relevant growth is therefore of great importance in structural safety at the ultimate stage. In particular, thin reinforced concrete structures draw researchers attention to such a point that several theoretical models have been developed with the aim to reproduce with adequate reliability the real behaviour, taking into consideration the actual deformability, the rising and spreading of fissuring, together with the mechanisms and the loads leading to collapsing. In this work, an experimentation is carried out on a deflect less reinforced concrete specimen, which underwent to rising traction up to the fissuring. The employed investigation technique is an application of the well-known eddy current-based methodology. The magnetic fields maps which were got by this way constitute an electromagnetic representation of the tensional condition of the specimen at the different values of the applied traction, using the above mentioned experimental database, concerns the extraction of inferences to predict and assess the growth of defects in reinforced concrete elements similar to the employed specimen.
Introduction
In concrete structures the rule of the reinforcing bars stands out when the structural element is subject to strong traction stresses, since concrete can't withstand these strains but only compression stresses. In [1] model slots are assumed to develop normally with respect to the main traction stress. After fissuring took place, the following resistance contributions are considered to be active: 1) compression resistance of the concrete parallel to fissuring; 2) traction resistance of the concrete normal to fissuring; 3) displacement stiffening; 3) traction resistance of the steel. The behavior of the reinforcement steel is considered elastic-perfectly plastic [2] , after the yielding the perfect plasticity is imposed. In purely membrane condition, the stress into the concrete is zero, while it is maximum inside the rods. Limitations in medium main traction stress due to loading capacity limits following the plasticization of the steel should therefore be introduced. The adherence between steel and concrete is expressed according to the well-known relationship:
where: F = applied force, A = steel area, l = length of the bar, τ = adherence tension, p = adherence perimeter, σ s = stress along the external section. The model falls in crisis if the yielding of the rod occurs or the rod comes out. In locally analyzing the deformative and tensional condition, be: u s = bar displacement, ε s , σ b = bar deformation and stress, u ct = traction concrete displacement, s = sliding, τ = adherence stress, φ = rod diameter 
deriving, we get:
at the equilibrium
while the equation at translation takes the following shape
In particular, when traction takes place inside the structural element, fracture phenomena arise inducing, next to the cracks, a widespread tensional state, at the same time with zero traction inside the concrete. Reinforcing bars are as a consequence subject to stretching to which corresponds an increase of their tensional state. To ensure structural safety the bars must withstand the traction due to the fracture without overcoming neither their yielding limit nor exhibiting high plasticity. In modern structures these aspects are rarely involved, whereas the problem has a major impact when the integrity of old decaying structural elements is taken into consideration. To understand how much the full integrity of the bars in reinforced concrete is concerned to guarantee in-service structural safety, just consider oxidation-reduction phenomena, imperfect soldering of the bars, very reduced adherence due to smooth bars. Both during the construction and inspection after lengthy inservice periods the need comes out to get info on the structural integrity of the concerned element without damaging it. Up-to-date technologies present remarkable procedural methodologies to properly evaluate the state of health of structural elements. But most of them are highly invasive, often leading to the destruction of the element itself. Non Destructive Testing and Non Destructive Evaluation techniques (NDT/NDE) present the advantages of leaving the specimen undamaged after the inspection [3] , [4] . NDT deals with defect detection and characterization as inverse problems [5] . The available measurement data are explored in order to some clues may emerge in the pick-up signal that potentially represents structural modifications of the bars. The concrete surrounding the bars doesn't introduce any disturbing element being totally transparent to the employed electromagnetic fields. In the past, the authors have dealt with the problem of location of defects but no control of defect growth have been take into account [6] . In this paper, the concept of Neuro-Fuzzy Inference Systems (NFISs) is proposed to solve the inverse problem at hand to control defects growth in reinforced concrete. A previously proposed quasi-analytical benchmark problem is considered as a test case in order to simulate a practical evaluation. The microscopic structure of the defect has no relevance in this contest, the aim of the reconstruction problem being to determine some major parameters of the defect, such as location and sizing. Both the measurement data and the geometric localization will be considered as fuzzy numbers, i.e., the reading will be associated to a "confidence" interval that measures our trust about that number. In this framework, the emergence of multiple solutions, related to non-uniqueness, can be treated in a natural way. FISs allows us to treat and exploit uncertainty. The identification problem can be formulated as the search of a suitable mapping between the set of available measurements and the selected set of parameters. Fuzzy Systems are excellent candidates for our purpose as they told the nonlinear universal approximation as well as a priori knowledge on the unknown solution, which is expressed by inferential linguistic information in the form of IF…THEN rules (fuzzy rules) whose antecedents and consequents utilize fuzzy sets instead of crisp numbers [7] . Our goal is to associate to a particular pattern of measurements the position and the entity of the defect in the bar. This work represents a novel approach in looking for defects on reinforcing bars.
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Several nondestructive tests have been carried out by exciting currents over the specimen subject to increasing traction stresses (for each stress condition correspond a peculiar test); thus inducing eddy currents inside it and finally picking-up by a FLUXSET® sensor a signal which is a measure of the variations of the overall magnetic field, including the contribution due to the presence of a defect. The FLUXSET sensor (Fig. 1) consists of three coils: exciting coil (to induce eddy currents in the sample), driving coil, pick-up coil. The employed sample was a concrete block, with a reinforcement steel bar located along the longitudinal axis (Fig. 2) . According to the geometry of the experimental set-up, the distance between the sensor and the rod is approximately 10 mm. Phase demodulation of the pick-up voltage gives a measurement proportional to the magnetic field parallel to the plane of the sample. The specimens have been investigated at a frequency of 1.022 kHz, sinusoidal, 10 Vpp, suitable to explore the whole cross section of the bar. The sensor was moved over the block by means of a 0.5 mm step-by-step automatic scanning, along x and y axes, in order to map the area neighboring the defect (Figg. 3, 4) . 
NFISs to Reconstruct Defects in Reinforced Concrete
Neuro-Fuzzy models are basically feed-forward networks that use a FIS as a first guess model of the underlying dynamic process and then tune the initial choice of the model's parameters in accordance with the available input-output pairs. The inputs of the procedure are interpreted as fuzzy variables. Each fuzzy value (Low, Medium, …) attained by a fuzzy variable is characterized by a Fuzzy Membership Function (FMF) that measures the linguistic properties scaled between zero and unity. One of the most useful features of this approach is the overlapping of FMSs, which allows an input to be distributed across a number of rules, giving rise to an interpolation effect. The choice of these FMFs as well as the optimization of their parameters is a matter of design (typical FMFs are continuous, monotonic and piecewise-differentiable functions, such as the commonly used trapezoidal or triangular-shaped functions). To improve the flexibility of the model, Gaussian FMFs were run. The procedure to design a FIS is usually the following:fuzzification of the inputoutput variables; 2) fuzzy inference through the bank of fuzzy rules; 3) defuzzification of the fuzzy output variables. The estimation accuracy was found to be invariably not good enough. Results were then improved both using an algorithm of automatic extraction of FIS from numerical data [7] (MATLAB® GENFIS System) and introducing learning (MATLAB® ANFIS). A network FIS scheme facilitates the computation of the gradient vector to compute how parameters can be corrected. Once having calculated the gradient vector, a number of optimization routines were applied to reduce the error. Artisan-type fuzzy rules are usually obtained from a simple visual analysis of the single bi-dimensional plots, relevant to input and input-output pairs. GENFIS system generates fuzzy rules with multiple antecedents in number equal to the number of the inputs. FMF labeling has been automatically done in growing numbers. Several FISs have been carried out to tune the system. Maps in figg. 5 and 6 respectively correspond to maps in show 3 and 4; they were built applying the Fuzzy Inference to the experimental database with nine fuzzy rules. The presence of the defect clearly stands up, but the info relevant to its inclination is lost. In addition, qualitatively, it is possible to evidence both the entity of traction stress and the corresponding growth of defect. The proposed approach offers the possibility to build the model both by a-priori knowledge of the system under investigation and learning evidence. The resulting system has a totally "readable" structure, in contrast to the "black box" structure of Neural Networks. Performing a careful analysis of the experimental database it has been possible to reduce the number of the inputs and the cardinality of the fuzzy data bank . This feature turns out to be decisive in practical real time applications, where the reduction of the inspection time is a major demand, and in the design of novel large systems where an effort must be made to reduce diagnostic concerns. In authors opinion the most remarkable conclusion of the work is that by FISs it is possible to design fuzzy inference models with reduced computational complexity to estimate defects in terms of their position and size, where the attained accuracy can be improved by adding qualitative knowledge on the problems in terms of expert linguistic rules.
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